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NOTE

This report is based on information obtained from other
Lockheed-Georgia Company programs, FDL, and the University of
Dayton Research Institute. The evaluation of candidates for
potentially improving Force Management Methods is both conceptual
& analytical in nature, using the C-141A transport as baseline, but
is intended to address the applicability of the potential improved
methods for Transport/Bomber type aircraft. The data presented
are not necessarily current and are not to be construed as "hard"
data for the C-141A. Also, the results of the evaluation are not
to be construed as a Lockheed position regarding use of these
methods for the C-141A or any other specific aircraft.

With regard to the use of the C-141A Transport as the baseline
for this Task II methods evaluation, it should be noted that
IAT/L/ESS/FSM systems can vary over wide extremes depending on the
particular aircraft utilization and mission requirements (Reference 1).
Therefore, a Force Management method such as the Mechanical Strain
Recorder (MSR) may prove usable for one Transport/Bomber category
aircraft ASIP and unusable for another. To simplify the evaluation
of these methods, the evaluation is based on a system of the
complexity of the baseline C-141A and other systems are not
pursued further.
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FOREWORD

The contractor team of the University of Dayton Research
Institute, Lockheed-Georgia Company, and Vought Corporation has
been conducting a program to prepare a handbook for achieving
the force management objectives of MIL-STD-1530A. Task 2 of this
program was aimed at investigating improved methods with emphasis
on the use of mechanical strain recorders, crack growth gages
and microprocessors as the primary data recording devices. This
report is Volume 2 of the Task 2 final report and presents the
results of Lockheed-Georgia's study on improved methods for
transport/bomber aircraft.

The program is being conducted under Contract F33615-77-C-
3122 for the Air Force Wright Aeronautical Laboratories AFWAL/FIBEC.
Mr. Robert Engle is the current Air Force Project Engineer.
Dr. Alan P. Berens of the University of Dayton is serving as
Program Manager for the contractor team. Mr. Doug S. Morcock
is program manager for Lockheed-Georgia.
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SECTION 1
INTRODUCTION

Within the Air Force Aircraft Structural Integrity Program
(ASIP) as described in MIL-STD-1530A, a task called "Force
Management" is defined. Force Management is defined as "those
actions that must be conducted by the Air Force during force
operations to ensure the damage tolerance and durability of each
airplane". A review of the state-of-the-art methods whereby the
Force Management activities are accomplished was made in 1978 as
Task I of this contract and documented in References 1 and 2.

The Force Management Methods were defined in these documents as

the Individual Aircraft Tracking (IAT) program; the Loads/Environment
Spectra Survey (L/ESS) program; the Force Structural Maintenance
(FSM) program; and the interfaces of these programs with each

other and with other ASIP programs to achieve the overall Force
Management objectives. The state of the art review was performed

by University of Dayton Research Institute as program Manager;
Lockheed-Georgia Company for Transport/Bomber aircraft; and Vought
Corporation for Attack/Fighter/Trainer aircraft.

Task II of this contract consists of an evaluation of
potential improvements through the use of microprocessors, mechanical
strain recorders, crack growth gages, and updated versions of the
present (usage forms and multichannel recorders) methods in
accomplishing the Force Management activities. The Lockheed-
Georgia evaluation of these Methods for Transport/Bomber aircraft

is presented herein.

At the beginning of this report, it is appropriate to
consider the goal of the Task II evaluation of Improved Force
Management Methods. Improved methods in the Force Management
context indicates methods which are better than the present methods
in significant ways. Specifically, the title of Task II implies
that for the Transport/Bomber aircraft covered by this report, the
methods evaluated (forms crack growth tracking; updated MXU-553A
recorder; Mechanical Strain Recorder; Crack Growth Gage; and

Microprocessor) are more accurate, less costly, or more cost



effective than the current fatigue-based forms tracking program
and/or the current MXU-553A recorder program used as the baseline
for evaluation. It should be recognized that these methods are
being evaluated for their potential as improved methods. The
evaluations discussed herein show advantages and limitations of
the methods such that no method is clearly an improvement over the
baseline method in every case, and some methods are not acceptable
replacements for current Transport/Bomber aircraft methods in any

of the cases considered.

Guidelines for selection of current IAT, L/ESS, and FSM
methods are presented in the Task I current methods report
(Reference 2). 1In considering the improved methods discussed

herein, the following comments are felt to be applicable.

i S Each aircraft system has its own distinctive characteris-
tics. Criteria, interfaces, system accuracies, structural sensi-
tivities, and other factors are all related in determining the

most appropriate Force Management methods for a particular aircraft.

s Continuing changes occur during the life of an aircraft
model. Examples of these changes are new analysis and inspection
techniques, aircraft usage, economic considerations, production
status, military priorities, and availability of replacement
aircraft. Consequently, there may be continuing changes to the

"best" force management methods for that aircraft system.

3a Considerations of the Improved Methods which are the
subject of this report are affected by the above realities. The
choice of the best method for a particular system must be made by
the ASIP Manager of that system, taking into account all of the
requirements of the system as compared with the capabilities and
qualifications of each method.



SECTION 2

FORCE STRUCTURAL MAINTENANCE

The Task I Current Methods Report, Reference 2, and the
Task I Coordinated Force Management Report, Reference 1, discuss
the current Force Structural Maintenance plan and its relationship
to other elements of the Force Management program. The discussion
below addresses potential improvements in the FSM plan. Summarized:
On-going changes in the FSM plan may be anticipated to occur.
Many inspections are presently performed on a calendar time basis
for "average" utilization and the system thus is not set up for
"truly individual aircraft" FSM such as would seem desirable and
attainable from the "truly individual aircraft" IAT output.
Improvements in Non-Destructive Inspection (NDI) techniques are
changing FSM actions. Durability and Damage Tolerance Assess-
ments (DADTA) are identifying one-time modification and initial
and recurring inspection actions. Feedback of inspection results
continues to be a vital link in the Force Management Program.

The FSM plan should be updated periodically.

.28 | STRUCTURAL MAINTENANCE ACTION DETERMINATION

For aircraft designs made prior to MIL-STD-1530A
and MIL-A-83444 crack growth requirements, structural inspection
procedures and requirements were generally undefined in an
initial design stage and once defined, were then modified through-
out the remainder of the "cradle-to-the-grave" Aircraft Structural
Integrity Program (ASIP). Airframe designs conforming to MIL-STD-
1530A and -83444 requirements of crack growth will have more data
from which to structure the initial and recurring inspection
requirements. Analysis methodology prior to crack growth did not
incorporate a 'Time Scale' feature and therefore inspections were
simply specified at some percentage of the total damage value.
Aircraft with sufficient fatigue testing and service cracking
experience could develop inspection programs based on actual

crack data.



For many older airframe designs, a crack growth DADTA pro-
gram will indicate that certain locations are overdue for initial
inspections and indeed are in need of a more refined total
inspection program. These older designs are under study by the
USAF and updated inspection using NDI and crack growth analyses
are being implemented into the T.O.'s (-6, -36, and TCTO). A
recent change in the inspection program for some USAF aircraft
has been the incorporation of the Reliability-Centered Maintenance
zonal inspection philosophy into Air Force aircraft maintenance.
(See Reference 2, Page 2-130, for additional description.)
Inspections of primary structure as determined through structural
analyses and/or tests are specified at the required intervals and
are conducted by structural inspectors using the appropriate NDI
techniques. Zonal inspection of certain areas of the aircraft
for hydraulic, electrical, structural, or other discrepancies by
one inspector is also performed, with followup by a specialist if
a discrepancy is noted, rather than the previous method in which
all areas were inspected by one specialist for hydraulic problems,
another for electrical items, a third for structural integrity,
etc. Also, implementation of the zonal inspection program is
preceded by a complete review of the existing inspection requirements
in the light of test and service experience, criticality, and the
likelihood of discrepancies being found during other flight or
ground operations. Special inspections of the specific locations

are included as necessary.

Implementation of the zonal inspection program is a
current FSM technique. However, it is noted that the definition of
inspection requirements continues to be based on 'average' utiliza-
tion for the entire Force of aircraft and does not recognize, as
yet, the IAT program philosophy where individual aircraft usage
severity, crack growth, and NDI are all combined to provide a
more sensitive device for scheduling periodic inspections. The
present system assumes that all aircraft are inspected in the same
manner at the same calendar or flight hour interval, except for
special inspection requirements. Thus, the special inspection

requirements section in T.0. -6 appears to be the present vehicle



for accomplishing individualized inspections of aircraft, and it

is not considered that it was intended for this purpose. A change
to computerized individual aircraft structural maintenance
programs should be explored.

The Force Structural Maintenance Program is also affected
by test and service experience, IAT results, and other factors
such as organizational changes and economics. In addition to the
change to a zonal inspection concept, the baseline C-141A FSM
Program (cited here as a "typical" example) has been affected

recently by these additional activities:

) The Controlled Interval Extension (CIE) program, in which
sample aircraft are flown longer between inspections to
determine whether a longer interval will provide
sufficient inspection coverage. Based on the CIE pro-
gram, C-141A depot inspections have been changed from 36
to 48 months beginning in 1980.

® Incorporation of the C-141A Durability and Damage
Tolerance Assessment (DADTA) recommendations which

include the development and implementation of a Fracture

Tracking Program (FTP). This program is currently under
development for the USAF (Warner Robins ALC) at Lockheed
Georgia Company. (See Paragraph 2.2). Similar changes

in other aircraft FSM programs may be anticipated.

Another potential improvement in FSM programs is in the
field of Non-Destructive Inspection (NDI) techniques. A four-year
AFLC program to determine the reliability of Air Force NDI
capability was concluded by Lockheed-Georgia Company in 1978. The
results (Reference 3) "indicate that Air Force NDI needs improve-
ment in several specific areas in order to meet existing require-
ments for inspection of Air Force hardware". "Recommendations for
making both short-term and long-term improvements in NDI
proficiency are presented" in the Reference 3 report. Incorporation
of new types of NDI equipment into the Air Force inventory at a
faster rate and continued efforts to upgrade the NDI reliability are
needed. These activities will affect the FSM requirements and the
effectiveness of the NDI in the future.

5



25 il FSM BY INDIVIDUAL AIRCRAFT

A desired goal of the IAT Program is to provide individual
aircraft inspection program requirements to minimize overall
inspection costs. The updated crack growth IAT Program can
provide these data bases on crack growth safety limits for flight
hours to initial inspection and recurring inspection intervals
thereafter. However, the present inspection system is not geared

to use these data. See Paragraph 2.3.

An extensive review of the ASIP such as the crack growth
based Durability and Damage Tolerance Assessment (DADTA) can be
anticipated to identify specific one-time modification and initial
and recurring inspection actions for existing aircraft beyond
those actions defined by the present program. These are best

covered by a special inspection and modification program.

253 INTERFACE WITH MAINTENANCE SCHEDULING AND REPORTING SYSTEMS

2sdad Scheduling

Inspection actions can be programmed by individual
aircraft or for all aircraft, as a function of flight hours IAT
output, and/or calendar time. For example, in the baseline C-141A
Force Management Program, the basic inspection package is performed
on all aircraft as a function of calendar time. IAT data are used
to establish the priority for scheduling individual aircraft for
the 48-month Programmed Depot Maintenance (PDM) and the sample
Analytical Condition Inspection (ACI) program. Special inspections
are added to the PDM and ACI Programs or, if more time critical,
are covered by Time Compliance Technical Orders (TCTO's) covering
all aircraft or individual aircraft by tail number, as applicable.
Modifications are also covered by TCTO action.

It is desirable that the improved IAT output include
specific inspection requirements by individual aircraft by location.
In theory, a computerized program can be used to assemble these
data into specific inspection packages for each aircraft for a
calendar or flight hours inspection time. In practice, the

individual aircraft ASIP may have requirements peculiar to that



aircraft which favor continuation of the present isochronal
(calendar-time based) system. However, computerized planning of
these isochronal inspections by individual tail number may be cost
effective, and further study of this method for each aircraft model
is recommended.

Retrieval and replacement of data cartridges or
components should be performed at an appropriate inspection, pre-
ferably at the PDM or ACI (depot level) inspection.

2:3.2 Reporting

The Task I Current Methods Report, Reference 2,
discusses the inspection results reporting. An IAT crack growth
program which projects time to inspection or modification and
calculated crack lengths at a given time after the inspection
or modifications is obviously dependent on good feedback regarding
these data. Time Compliance Technical Orders (TCTO's)for special
inspections or modifications are often worded to require feedback
of results and time of modification. Routine inspections generally
result in little feedback data except through the AFM 66-1 system,
which is intended to provide only general data regarding number of

problems encountered in a given region.

Paragraph 3.1.2.1.5.4 discusses the method used for
crack growth IAT projections in the absence of specific inspection/
modification feedback data. Significant improvements in all aspects
of the Force Management Program would result from developing a
system to provide good data. The present reporting system appears
to be largely contained in specifically worded TCTO's, resulting
in feedback to the ASIP Program Manager which must then be
assimilated into the IAT Program manually or through a supplemental
computer program. A comprehensive NDI inspection results feedback
system is vitally needed to work in conjunction with the crack growth
based IAT programs. The safe-use interval of flying based on NDI
and crack growth analytics would be severely restricted in usefulness
without a working and maintained Feedback System. To our knowledge,
such a system is not yet working in the USAF ASIP.



2.4 FSM IMPLEMENTATION

The Force Structural Maintenance Plan is discussed in
References 1 and 2. For the updated usage forms, MSR, Crack Growth
Gage, and Microprocessor IAT Systems discussed in this report, the
maintenance plan must include obtaining data, changing cassette
cartridges, replacing CGG's, or maintaining equipment as
appropriate. Also, the computerized tailoring of inspection
requirements to individual aircraft offers a potential improvement
to the current maintenance plan. This is discussed in Paragraph
2z 3eds

2+5 PERIODIC UPDATE OF FSM PLAN

The current FSM program is updated periodically by revisions
to the appropriate Technical Orders (T.0.-06, -6, -23, -36 for each
airplane series: For example, T.O. 1B-52D-23 for the B-52D).
Special requirements are covered by Safety Supplements (SS) and
Time Compliance Technical Orders (TCTO's). This periodic updating
is essential to the continued inspection of service aircraft on a

current basis.



SECTION 3

INDIVIDUAL AIRCRAFT TRACKING (IAT)

3.1 IAT METHODS

3wl IAT Parameters

Individual aircraft Tracking Programs for Transport/
Bomber aircraft require sufficient data to perform individual
aircraft crack growth calculations and to identify the usage of
the aircraft. The detail required will be different for different
aircraft. Also, the sensitivities of the aircraft to specific
inputs will be different for different aircraft. This is because
different aircraft are sensitive to different sources in varying
degrees. For example, one aircraft has a more sensitive wing
upper surface, another a more sensitive wing lower surface, due to
different design stresses and structural configurations. Table 1
summarizes IAT input data and parameters recorded on some of the
present Transport/Bomber aircraft. Table 2 summarizes common
input data and parameters of these IAT programs. In addition,
individual aircraft must have other parameters such as fuel onload,
fuel offload, wing sweep angle, aerial delivery, etc., which are
necessary because of their individual characteristics and usage.
Table 3 identifies these aircraft - peculiar items; Table 4 shows
totals by airplane. These data are to be considered approximate
but serve to indicate the types of data acquired by present usage
forms IAT systems.

Note that the definition of a parameter is not a
simple matter. Webster's New Collegiate Dictionary (1976) defini-
tion is: "Parameter: 1) an arbitrary constant each of whose values
characterizes a member of a system (as a family of curves); 2) any
of a set of physical properties whose values determine the
characteristics of behavior of something: a characteristic element."
In an IAT analysis sense, every item listed in the Tables is felt
to be a "Parameter", whether constant or variable, in that it
addresses the validity, quality, or use of the data in performing

and evaluating the IAT analysis. In a data acquisition sense,
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however, some items are repeatedly or continuously recorded

(e.g., T-&-G landings; time; fuel weight, whether recorded or
calculated; altitude), and others are initial inputs or infrequent
events (e.g. sortie no.; barrier engagement). An attempt has been
made to classify the input data in this sense, with infrequent
entries reasonably independent of other parameters being called

entries or events.

Bl IAT Monitoring Techniques .

Fwile 2l Usage Forms

Many of the present 'forms-based' Individual
Aircraft Tracking Programs use some type of fatigue damage calcula-
tion program. Changeovers to crack growth based IAT programs are
in development for several of these systems, including the C-141A
program conceptually described herein which is used as the baseline

Transport/Bomber Aircraft IAT program.

IAT programs which are changed to crack
growth programs are affected by the data base which has been
acquired through the years in support of the fatigue damage program.
For example, the data block size selected for fatigue tracking may
be ill suited for crack growth tracking. Also, the sequence of
flights or loads or events may not have been maintained for the
fatigue tracking program, and the crack growth program may require
regenerating this information or finding a way to function without
it.

The Force Management Methods Task I state-
of-the-art survey revealed several potential improvements to the
present systems. These pertained to choice of IAT recording
method and equipment; content, format, and frequency of output;
number of control points; compatibility with the force structural
maintenance plan and using command mission requirements; and
flexibility for changes after initial design of the system. See
current methods report, Reference 2, Sections 5.1 and 6.1. These
potential improvements, and others to the baseline program, should
be considered in the process of changing from a fatigue damage

program to a crack growth based program.
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The evaluation which follows assumes a
changeover from a current fatigue damage IAT program to a crack
growth IAT program.

The baseline program for the Task II

Improved Methods evaluation is conceptually described in this
report. The crack growth based program operates on crew data
sheet (usage form) entries to define typical "missions", including
mission sequence. Provisions for special mission definitions are
generally included. Incremental analytical crack length from an
assumed initial flaw is calculated for each structural monitor
location for each mission in sequence. The incremental crack length
adds to the total length produced by the previous missions, and the
new total length establishes the parameters for calculation of the
incremental length produced by the next mission. The predicted
future crack extension is calculated using analytical forecasting
usage for that aircraft. Force Maintenance Actions (i.e. time to
modification or inspection) are defined based on this prediction.
Inspection permits the resetting of the calculated crack length
to the NDI detectable crack size in that inspection as appropriate.
Usage forms IAT programs (and any other IAT programs also) require
supplemental data and cost-effective program design, as discussed
below.

@ Data Feedback

The 'Usage Forms' IAT based on crack growth
calculations and NDI results requires a ‘'closed
loop' for complete use of the program. As each
tail number is inspected at the monitor locations
a reporting system is required to feed that data
back to the ASIP manager so that the 'next
interval' projections can be provided. Without
this 'feed back' the NDI results of cracks (if any)
will have to be assumed which could adversely
affect Force Safety. The 'Closed Loop' concept
will require the ALC's to implement the necessary
reporting system.

17



°® Data Output

The usefulness of a 'forms based' IAT and closed
loop NDI reporting system is very dependent on

the format for all output data to the ASIP manager.
A potential limitation exists if the output format
is not structured to be responsive to the practical
needs of the USAF user.

[ Operational Costs

Usage forms IAT programs required to generate

the output needed for Force maintenance 'Actions'
requires careful scrutinizing in order to prcduce
data at reasonable costs. Current state-of-the-art
crack growth 'damage' calculation routines are
available at competitive rates compared to previous
routines. 1Initial costs will obviously be

incurred to get the data 'on-line' for the various
airframes. A practical and responsive Force
Maintenance IAT program based on NDI and crack
growth has the potential to achieve lower PDM

maintenance burdens than are currently required.

3.1.2.1.1 Advantages and Limitations

The current usage forms Indivi-
dual Aircraft Tracking (IAT) programs are described in the Task I
Current Methods final report, Reference 2. These current and
future programs can be based on data block utilization breakdowns
or on pre-defined mission descriptions obtained by computer analyses
of crew data sheet (usage form) entries. The data base for the
analyses includes flight loads and ground loads surveys, loads and
environmental stress spectra (L/ESS) data, dynamic response tests
and analyses, fatigue tests and analyses, and predicted and actual
aircraft utilization data. The programs are updated periodically
through Service Life Analyses to include the results of tests,
service aircraft utilization, service aircraft corrosion/cracking
experience, and analyses of these data obtained subsequent to the
last update. Usage forms IAT programs offer significant advantages,

which include:
18



Updated data base (reanalysis)- The tracking

program is recommended to be preceded by a

thorough Durability and Damage Tolerance Assessment
(DADTA) , in which the entire aircraft structure

is reviewed in the light of all design, development,
test, and service experience obtained to date.
Critical locations are defined and crack growth
analyses are performed to identify inspection and
modification actions based on DADTA crack growth
concepts. IAT structural monitor locations and

the design of the tracking program are thus
structured to the results of the intensive DADTA.
The resulting program completes an updating of the
total structural analysis to present MIL-STD-1530A
Aircraft Structural Integrity Program (ASIP) con-
cepts.

Refinement - The programs are based on all past

and current design, development, testing, and
operational aircraft data;

Consistency - The methods used are consistent with

the original design concepts and subsequent
development, test, and analysis methods.

Flexibility - Sufficient data are obtained so

that history can be reconstructed or reanalyzed

if necessary.

Simplicity - The basic methodology and calculation

routines are straightforward.

Responsive to General Structural Characteristics -

Responsive to crack growth characteiistics,
geometry, material, stress levels, environment
(moisture, corrosive products, fuel), and design
and manufacturing characteristics which are major
influences on crack growth rate at a specific
location. These are all included in the crack
growth analysis on which the IAT program is based.

19



) Responsive to NDI Results - Scheduled safety

inspections for critical areas are responsive to
results of NDI. The reliable detectable crack
size at a given location by NDI and the crack
growth analysis form the basis of establishing
the recurring 'Next Interval' of flying for the

particular tail number.

® Responsive to Critical Crack Length - The time to

inspection or modification is based on crack
growth calculations which utilize critical crack

length determinations for selected tracking points.

® Current Force Maintenance Action Response -

Inspection actions are based on crack growth from
a pre-defined 'safety' based initial crack length
or an inspection-detectable length, thus providing
force safety responsiveness to fly the 'next

interval' based on most recent NDI results and the

usage of the particular individual aircraft.

A Transport/Bomber 'Usage Forms'

IAT program is limited by the effects of:

° Reliance on Average Mission and Environmental Data

Any usage forms tracking program must use statis-
tical data for load or stress occurrences per data
block or per mission, and the sequencing of these
occurrences. The specific loads and sequence
experienced by the individual aircraft are not

defined.

® Limited Sequencing Data for Past Usage - Historical

individual aircraft usage information may not have
been stored in flight sequence. Future IAT programs
based on crack growth require a recognition and
accounting for sequence. Unsequenced historical

data can only be reconstructed to an accuracy of

SO many missions in a given quarter. Random
sequencing or other analytical means of reconstructing

the history within the quarter is necessary.
20



3.1.2.1.2 Stress Transfer Functions

Transport/Bomber usage form
Individual Aircraft Tracking (IAT) programs generally have indivi-
dual, independently produced structural monitor location analyses.
The individual monitor locations are anticipated to apply to zones
or regions of structure whose boundaries are to be determined by
detail structural analysis which considers stress level, local
geometry and manufacturing/fabrication factors. Normalized crack
growth evaluations would be performed to assist in broadening the
'zones' covered by a single monitor location. Stress transfer
functions will be used in conjunction with other methods as dis-
cussed in a total sensitivity analysis in arriving at the final

'zonal' coverage.

For crack growth IAT, the
thorough DADTA which is recommended to precede the design of the
IAT program would be used to define specific critical locations for
the IAT program. The final number of recommended monitor locations
would be selected as necessary in order to obtain the necessary
IAT data to respond to the sensitivity of the particular structural

configuration and utilization.
3.1.2.1.3 Crack Growth Models/Examples

Figure 1 is a preliminary block
diagram showing the crack growth usage form IAT program for the
baseline C-141A Transport. This program is presently being
considered for implementation into the C-141A ASIP.

Table 5 shows some preliminary
headings for tabular output of the C-141A Fracture Tracking
Program. Prediction techniques are discussed in Paragraph 3.1.2.4
below. Force Structural Maintenance aspects are discussed in
Section 2.
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RECEIVE/PROCESS
ASIMIS AFTO 451 CREW DATA SHEETS
|\
PROCESS AFTO 451 | | FORCE
RAW DATA INTO MISSIONS [ ] UTILIZATION
REPORTS |
l ] DURABILITY AND DAMAGE]
STRUCTURAL CRACK GROWTH TOLERANCE ANALYSES |
CONF IGURATION — | ANALYSIS MODULE
RECORDS & REPORTS .

|

l

A/C MAINTENANCE
RECOMMENDED ACTION

e INSPECTIONS
e LOCAL MODIFICATIONS
e REPAIRS

|

MAINTENANCE ACTION DATA
(ACTUAL)

e INSPECTION RESULTS
e MOD DATA
e REPAIR

Figure 1. Flow-Diagram Fracture Tracking Program.
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TABLE 5

FRACTURE TRACKING PROGRAM CANDIDATE PLANNING
LIST OF DATA OUTPUT ITEMS -PRELIMINARY

Quarterly Time Period XXX

Tail Number & Current Base Assignment

Total F.H. at End of Quarter

F.H. Accumulated During Quarter

Total FSL/Total FSL During Quarter

Total TAGs/Total TAGs During Quarter

Total Pressurizations/Total Pressurizations During Quarter
Total F.H. in Training

Total F.H. in Training During Quarter
Starting Crack Length at Beginning of Quarter
Final Crack Length at End of Quarter

Total Crack Length

Critical Crack Length

Last NDI - Date/F.H./Technique/Detectable Crack Size/Results

Reset Crack Length - Date/F.H./Crack Size
Time To Next Inspection

DATE F.H. UTILIZATION

XXX XXX Actual Past Usage
XXX XXX Severe

XXX XXX Average SLA II
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Figure 2 shows an example of
the crack growth Tracking Program for the Cl41A. The assumed
crack growth at the structural location caused by a stress spectra
consisting of USAF mission profiles and 'average' utilization is
plotted versus study results of actual usage data from a series of
individual tail numbers in the Force. This structural location
reflects actual usage to be more severe for the study group than

the average utilization spectrum.

Fsladcdsd Data Collection
Data collection for usage
forms IAT programs is described in the Task I Current Methods
final report, Reference 2. A means of increasing the percentage
return of usable forms, such as pickup and review during
debriefing sessions, is desirable. Crack growth based programs
recognize mission sequence, and an increase in percentage return

improves the analysis accuracy.
2 L AL = Data Processing

Data processing for fatigue
damage usage forms IAT programs is described in the Task I Current
Methods final report, Reference 2. Only the emphasis associated
with using crack growth based programs rather than fatigue based

IAT programs are discussed below.

3.1:2.1.5.1 Logistics
The Usage forms data
are converted to a series of predefined missions plus special
derivatives of these missions, and sequence of the missions is
maintained through the.analyses in order to compute incremental
crack length by quarter.
3wl.2401.5.2 Verification/Editing
Techniques
Fatigue-based IAT
programs may use data block, mission segment, or typical mission
bases for the data. It is anticipated that crack growth based IAT
programs will generally use typical mission descriptions plus special

IAT programs are characterized by the relative insensitivity of the
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cumulative damage theory to low-stress magnitude loading cycles

and high sensitivity to the ground-air-ground excursion. These
characteristics may be reflected in data block sizing or editing
techniques which emphasize the data from which the ground-air-
ground excursion is obtained. Crack growth based Transport/Bomber
IAT programs are sensitive to high cycle low stress flight and
ground loads experience as well as to the ground-air-ground
transition; they are also affected by mission sequence. Therefore,
the verification/editing techniques may require restructing when

an IAT program is changed from fatigue to crack growth methodology.

For the baseline
C-141A IAT program, the data block based fatigue tracking program
is being replaced with a series of pre-defined missions with
provisions for additional special variations. The verification/
editing techniques are restructured by revised logic oriented to
mission identification rather than the previous data block
("point-in-the-sky") identification plus secondary mission usage

identification for overall force usage monitoring.
3.1.2.1.5.3 Gap-Filling Prccedures

Fatigue-based IAT
program gap-filling procedures are discussed in the Task I Current
Methods report, Reference 2. The same basic procedures are
applicable to crack growth based IAT programs except that sequencing
must be included. For the baseline C-141A Fracture Tracking Program,
this consists of computerized sequencing of the missions, determina-
tion of gaps via the dates, flight hours, and landings data from the
usage forms data, and filling in the gaps with flights selected to
match pertinent mission descriptors considered appropriate for the
period. (See paragraph 3.1.2.1.5.4 regarding configuration "gap-

filling" procedures).
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3.1.2.1.5.4 Supplemental Data

Requirements

Current IAT programs
utilize crew data sheets (usage forms), supplemented if required by
other data such as the MAC A38 airframe report. It is advantageous
and cost effective to redesign the usage form, if necessary, so
that all required information is on the form and is retrievable
by an optical scanner or other computer device. For crack growth
IAT programs, the required data may be the same or may be different
from fatigue-based programs. The baseline C-141A Fracture Tracking
Program utilizes the same crew data sheet (usage form) as the
current fatigue-based program. The data are retrieved by an optical
scanner. However, the form is being redesigned to incorporate
the supplemental data previously obtained from the MAC A38 air-
frame report, which is being discontinued for the C-141A as a cost

savings.

Other supplemental
data requirements also may be common to the fatigue-based and crack
growth based IAT programs or may be additional. These data require-

ments are:

® structural configuration at each monitor
location for each aircraft (original,
redesigned, which model, repaired,
retrofitted), and

® inspection data (when inspected, how,
whether corroded or cracked, extent and

details of crack).

These data are difficult to obtain, but are essential to maximum
effectiveness of the IAT program. The tendency is to design the
program so that in the absence of data to the contrary a scheduled
modification/inspection is assumed to have been performed to the
requirements specified in the applicable Technical Order, and the
resulting configuration has no observable cracks. This method is
necessary as a "gap-filling" procedure to ensure that the IAT pro-
gram can be run. However, it is obviously an undesirable "open

loop" method which needs to be improved.
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3:la2:1:6 Damage Projection Techniques/

Examples for Establishing

Recurring Inspections

Crack growth based IAT pro-
jections for establishing periodic recurring inspection intervals
(i.e. next safe use interval of flying) are based on calculated
crack length and on a projection method. Figure 3 illustrates
this.

® The present assumed crack length is
either calculated from an assumed initial
flaw size plus incremental crack growth
to the present time or an inspection-
based NDI "maximum undetectable" crack
length.

The initial flaw size used in
the on-going baseline study is obtained by utilizing a safety
concept of a "rouge flaw" initial size as input, resulting in a
prediction of crack length based on this initial quality assumption.
This prediction produces a safety based time to initial inspection.
Predictions can be used in an IAT program which respond to both a
'rogue' safety flaw or a less severe (smaller) initial flaw more
representative of the average aircraft. It is recommended that
the 'average' crack growth time to a given crack length (durability)
be evaluated by the Durability and Damage Tolerance Assessment
(DADTA) . The baseline C-141A IAT program under development
addresses safety inspections at this time. Later evaluations may

include 'average' times to reach detectable cracking.

At scheduled points (calendar
time or flight hours) NDI would be performed at specified monitor
locations/regions/zones. The particular NDI method used at the
location will provide discrete data for a 'NDI detectable crack
size' (aNDI) with a high degree of reliability of not missing
the crack size. If the inspection is performed and the detectable

crack is not found the IAT program is reset to that crack size
(aypy) at the time of performing the inspection. Projections of

future analytic crack sizes are then based on this crack size.
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The concept of an IAT Program
using crack growth and NDI to set recurring inspections (i.e. next
safe interval of flying) presupposes the existence of an initial
flaw at each of the structural monitor locations/zones. This is a
safety feature to account for an unknown defect that could be
present at a critical structural location (such as a scratch, gouge,
inclusion, etc.). Since the initial flaw could exist in any of
the Force aircraft, all aircraft must be periodically inspected

to protect safety (sampling inspections will not suffice).

NDI would be conducted at
scheduled intervals at the monitor locations based on crack growth
using the stress spectra reflecting the Individual Aircraft's
usage. If an NDI does not disclose a detectable crack, the
aircraft then flies the 'next interval' at the end of which time

the NDI is repeated.

This NDI process is repeated
as long as no cracks are detected; if a crack is found, repairs
are made. Obviously, one hopes cracks do not exist but the concept
of 'Inspect and Fly the Next Interval' does provide a safety-

based approach for the airframe for continued Flight Operations.

Projections may be based on
several approaches which include: aircraft usage determined from
the specified mission profiles and average utilization; the most
severe usage; or the actual usage of the specific individual air-
craft or overall force aircraft for some time interval such as
the most recent quarter or year. The actual usage should be
bracketed by these projections. 1In general, it would appear that
recent actual and 'severe' usage projections should be included in
the IAT program output. Projections based on individual aircraft
usage tend to shift each period to the extent that several periods
would need consideration together in establishing a forecast slope.
Projections based on overall force aircraft for a limited interval
would require lenghty program logic. If an aircraft is flying
severe missions, a severe projection can be used for special

inspection planning for that aircraft. Forcewide inspection plans
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for individual or overall force aircraft based on an average
utilization spectrum such as utilized in the Durability and Damage
Tolerance Assessment (DADTA) should be considered as furnishing

a general overview trend.

In selecting the projection
techniques, the actual use of the data should be kept in mind.
Time to inspection for individual aircraft is only useful if
individual aircraft inspections are scheduled on the basis of the

projections. This subject is discussed further in Section 2.

The C-141A (Baseline) Fracture
Tracking Program methods of projection are still in work at this
writing. The methods to be selected will be developed through
coordination with the ASIP Program Manager in striving for a
practical and cost effective system of providing Force Safety.

el sZsla’ Table 6 lists cost elements
which may be anticipated for the Usage Forms IAT system. The
table is in a common format for use in listing cost elements
for the other IAT systems evaluated in this report. The left
column lists potential cost elements. A blank in the center
column indicates that this cost element is not applicable for the
system being discussed. A check indicates that this is a cost
element. Words in the right column provide additional information

to further describe or scope the cost element for that system.
T (e ) O Reasonability Factors

Usage Forms IAT programs
operate on a pre-defined data block or mission segment descriptors
or pre-defined mission definitions. These definitions are
determined through structural engineering utilizing analytic and
test data. A computer logic is developed to use input from the
usage form entries. Therefore, the IAT program is influenced
directly by the reasonability of the forms data; included are such
factors as:

® Percentage Return of Usable Usage Forms

e Forms Preparation Accuracy
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TABLE 6

TRANSPORT/BOMBER IAT COST
ELEMENTS FOR USAGE FORMS

ELEMENTS USAGE FORMS

INITIAL DESIGN AND DEVELOPMENT OF
DATA ACQUISITION DEVICE AND
SUPPORTING EQUIPMENT

DESIGN OF HARDWARE SYSTEM FOR
SPECIFIC AIRPLANE

QUALIFICATION TESTING

DESIGN OF SOFTWARE SYSTEM FOR X
SPECIFIC AIRPLANE

T.0. FOR IMPLEMENTATION X
FAB. AND INSTALLATION OF DATA

ACQUISITION DEVICE AND SUPPORTING

EQUIPMENT (SENSORS)

REPLACEMENT OF DATA ACQUISITION X
ELEMENTS; TRANSMITTAL TO ASIMIS

SPECIAL READING OF DATA
ACQUISITION DEVICE

DATA TRANSCRIPTION TO MAGNETIC X
TAPE

COMPUTER ANALYSES X
OF DATA

GAP FILLING X

SUPPLEMENTARY DATA ACQUISITION;
TRANSMITTAL TO ASIMIS

ADDITIONAL COMPUTER ANALYSES OF
SUPPLEMENTARY DATA

MANUAL CHECKING, ANALYSES, X
DEBUGGING OF COMPUTER OUTPUT

REPORTS OUTPUT X

ON-BOARD SYSTEMS MAINTENANCE

TEST EQUIPMENT FOR ON-BOARD
SYSTEMS MAINTENANCE

32
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® Forms Data Entry Recognition of Actual/
Realistic Conditions Encountered

® Logic Interpretation of Forms Data (Gap
Filling, Erroneous Data Rejection)

Also to be considered in any forms based
IAT program is the reasonability by which the computer program
operates, calculates and interprets data which is influenced by:

® Mission/Flight Descriptor Formulation
Data (i.e. 'Points-in-the-Sky')

® Comparison of Actual Vs. Assumed Pre-
Defined Data Characteristics (i.e.
Response/Recognition of Unusual Events).

® Structural Analysis Methods (Damage
Modules)

® Output Data Reasonability

An IAT Program is a Force Maintenance Safety
device developed by incorporating engineering analysis, fatigue and
static test, flight test and Force Service experience. The program
is based on structural analysis which responds to stress level,
geometry, fracture toughness, inspectability and safety. The IAT
Program should be designed so as to periodically receive updates as
needed based on analysis, test and service experience.

The overall objective is to furnish a
forecasting tool for the ASIP Manager for Individual aircraft
such that inspection scheduling can be accomplished based on usage
severity trends for that aircraft. Based on results of the air-
frame inspection, the next 'safe use' interval of flying is
established.
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3o lw25 2 Mechanical Strain Recorders for IAT

The mechanical strain recorder (MSR)
provides a direct, sequenced trace of the total strain experience
at a specific structural location (within the limits of its
accuracy and readability). Therefore, the MSR could potentially
provide a very useful data base for a Force Management System
IAT Program. An IAT Program using a 'proven' MSR concept would be
independent of the use of 'typical' aircraft analytical parameters
describing the loads spectra environment. Also the transfer
functions of analytical loads-to-stress and flight descriptors
such as 'missions', segments, or data blocks would not be

required in order to define the strain experience at that location.

Consideration of the potential of the MSR
as a Transport/Bomber Individual Aircraft Tracking device points
out other aspects of the Force Management System, however. The
paragraphs which follow address these considerations, the primary
ones being limitations in transfer functions and supplemental data

requirements.

Mechanical strain recorders have been
available for several years and installations have been made on
A-37, F-4, F-5, CF-5, A-10 and F-16 aircraft. Over 400 production
MSR systems have been delivered for use on F-16 A/B aircraft, and
96 were installed on A-37E aircraft. These recorders, which have
seen extensive Force usage, are manufactured by Leigh Instruments
Limited of Ontario, Canada. Three models of the Leigh MSR have
been developed, the MSR-1, -2 and -3. The later models were
developed with higher recording thresholds so that more of the
low amplitude exceedance could be ignored by the MSR, thus
resulting in less recording tape required and longer recording

periods.
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34k 2521 Advantages and Limitations

The mechanical strain recorder
is a simple, light weight device which does not require any
external mechanical or electrical power. It does not require any
input from the flight crew and only minimum ground crew maintenance.
It lessens the dependence on analytical models and gives a history
of the strain cycles in sequence. All dependence on average
atmospheric and maneuvering data is removed as the MSR records

the actual strains experienced by the airframe.

Mechanical strain recorders
are limited in that they provide data which are accurate for only
a very limited area of structure due to the difficulties of
deriving stress transfer functions as discussed in Section
3.1.2.2.2. No mission profile data are available if a mechanical
strain recorder is required to stand alone as an individual
airplane tracking device (Section 3.1.2.2.5.4). Utilization
indicators as to why a particular airplane (or airplanes) cracked
cannot be derived from MSR data and must be recorded by the crew
or some other device. The tape capacity of present MSR's may be
insufficient to record a reasonable flight period for Bomber/
Transport type aircraft. Although calculations (Section 3.1.2.2.8)
indicate sufficient tape, a flight demonstration is required.

The present Data Transcriber Unit (DTU) has a minimum reading
threshold of approximately 2300 psi, (Section 3.1.2.2.8). This
will require significant change and perhaps development work, as
such a threshold would almost totally reject the usage stresses
for Bomber/Transport type spectra.

B3:1:2.2:2 Stress Transfer Functions

Generally, a single MSR per
aircraft has been used on the (fighter aircraft) service
installation to date. Results obtained from this MSR are then
translated to other structural locations of interest by various
analytical methods. Such translations are probably reasonably
accurate for small, rigid aircraft structural configurations;

however, bomber/transport type aircraft present unique problems
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for such translations due to significant structural configuration
differences of size, area and flexibility. Major structural

areas may react to one or more load forces coming from one

or more load sources, for example, a wing surface panel splice may

have significant load inputs from Px’ Py Mx’ My and Mz resulting

from aerodynamic loads on the wing, ineitia loads due to landing
and ground handling, thrust loads from the engines, and control
surface forces from flaps, slats, spoilers and ailerons. Phasing
of these vé?ious loads is complex and will vary from point to
point. Thup, the translation of MSR data from point to point on
bomber/tran%port structure must be done with caution. Generally
each structﬁral area for which recorded service strains are
required should have its own MSR. Translation of such data will
be very limited. Fuselage, empennage, and wing structural areas
for each aircraft must be examined for applicability of transfer

functions.
Siladited Crack Growth Models/Examples

Development of crack growth
analyses from MSR data is demonstrated in Figure 4. Once the
strain data have been extracted from the cassette and formatted
as a stress spectrum by the DTU, the spectrum data are submitted
to a computer routine for crack growth calculations as illustrated
in Figure 5. The example shown in this figure is fairly general,
but is representative of the C-141A methodology which was used
as a baseline for this program. With the addition of the necessary
geometric factors (B) the previously derived spectrum stresses
are transformed into stress intensity factors, and progressively
into stress intensity ranges. Through the use of the Forman
equation incremental crack growth is calculated for each load
cycle. Interaction between load cycles of varying mangitudes is
accounted for on the C-141 by the Hsu Load Interaction program
(although this is a proprietary program with the Lockheed-Georgia
Company, most companies have developed their own interaction model).
These incremental bits of crack growth are then accumulated (from
a specified initial crack size) through an integration routine
and presented as total crack lengths versus time.
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3124258 Data Collection

The mechanical strain recorders
are attached to the aircraft structure by two epoxy-bonded mount-
ing blocks. Straining of the structure is transmitted to the
drive mechanism of the recorder and scribed on the metal cassette
tape by a diamond stylus. No external power source is required,
and service experience on the existing models has indicated that

maintenance is minimal.

The metal tape used as a
recording medium is contained in a small cassette. To remove a
recorded cassette and reload with a blank cassette requires very
little time. The period of time to fully utilize the available
tape has been previously discussed.

3:1:2:255 Data Processing

The only significant piece
of support equipment required for the MSR is an automatic data
reader/transcriber. Although such a Data Transcriber Unit (DTU)
exists and is presently in use, it was designed and developed
for use with relatively small, rigid fighter aircraft. 1In order
for such a DTU to be used for bomber/transport aircraft it will be
necessary that a unit be developed specifically for this purpose-
the reading threshold must be significantly reduced and the
ability to discern small amplitude cycles must be improved.
(Alternatively, the MSR could be redesigned to provide greater
sensitivity and longer tape length. Requalification would be
necessary for these changes).

3.1e2:.2.5.1 Vexrification/

Editing Techniques
Since an MSR

records only strain peaks resulting from external load inputs, the
possibilities for checks and editing of the data are somewhat
limited. The first and most obvious check to be made is that
cassette tape is being used; that is, data are being recorded. A
second check that should be made is to assure that extreme data
points, which would represent load conditions beyond the capability
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of the structure, are not recorded on the tape. The data should
also be checked by determining that the number of stress cycles
recorded within a given stress range is reasonable for the number
of flight hours of data recorded.
J.ls2:2.5.2 Gap-Filling

Procedures

If recorded data
are missing or determined to be unacceptable for any given period
of flying time, an attempt should be made to replace the missing
data with a reasonably accurate simulation. Availability of a
pilot's log requires only the assumption of average atmospheric data
to develop the replacement data. In the absence of a pilot's log,
a reasonable simulation of the utilization for this period of time
can be derived from the following data which is generally availa-
ble: number of flights and flight hours, number of full stop
landings, and number of touch-and-go landings. If none of the
above information sources are available, average data taken from
the airplane's home mission base or for the entire model force
should be used.

Fsdis 2525953 Supp}emental Data

Requirements

When an indication
of severe loading history is obtained from an airplane's IAT, two

questions require assessment and evaluation:

® Was the severe loading the result of
higher than expected utilization of some
particular mission type (training,

logistics, aerial delivery, etc)?

® Was the severe loading the result of
unusual utilization of some particular
loading source (high speed flaps, thrust
reversers, excessive engine run-ups,
long taxis, high landing gear strut
pressures, heavy cargo, heavy fuel loads,
light fuel loads, etc.)?
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If MSR's alone are used as totally independent tracking devices,
tracking results which indicate that a structure is experiencing
severe usage will probably not give any indication of the signi-
ficant contributors to this rapid utilization. Thus, simple
operational changes (such as fuel management, speed or cargo
restrictions, or g limits), which could minimize future severity
of usage of the structure, cannot be determined. The available
alternatives for managing the structure are therefore reduced to:
probable increased costs in inspection; modification; repair;

replacement; or early retirement.

Although L/ESS
systems will provide indications of changed usage of the entire
force, they will not be useful in identifying abnormal or unusual
usage of individual aircraft. Only about twenty percent of the
airplanes in a force will contain L/ESS recorders, and reduction
of this data for individual tail number tracking is not a part
of the L/ESS program.

If MSR's are used
in conjunction with a tracking form or a recorder which provides
a description of the utilization of the airplane, the loading
severity history of the airplane structure can be determined
as well as the utilization responsible for that loading history.
Discrete events, such as flap extensions, airdrops, fuselage
pressurizations, etc., can be counted and used in any necessary
analyses. Figure 6 illustrates one way of reporting these data.

The use of the
MSR to supplement an IAT Program offers the potential to enhance
the overall data base in expanding the understanding of the
flight-by-flight stress history at various structural locations.
As discussed in the Introduction, the MSR appears attractive when
viewed as a supplement to a total program for Bomber/Transport
applications.
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Jskidsdsh Damage Projection Techniques/

Examples

Once the evaluation of the
recorded stress cycles has been completed and analytic crack
growth determined, it becomes necessary to project future
analytic cracking beginning from the existing calculated crack
length. Methodologies for such projections are numerous, but among
the most common are:

® Projection assuming future usage will
be identical to past usage of this

airplane.

® Projection assuming future usage will be
similar to past usage but with one or
more discrete and identifiable variations,
such as reduced airspeed, increased

cargo, etc.

® Projection assuming this particular
airplane will be subjected to usage
identical to the previous usage of the

most severely used aircraft in the force.

® Projection assuming this particular
airplane will be subjected to usage
identical to the previous usage of the
least severely used aircraft in the force.

@ Projection assuming future usage will
be according to an analytical set of
mission profiles or the fleet average
usage. These projection methods are

illustrated in Figure 7.
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351:2:2:7 Costs

Table 7 lists cost elements
which may be anticipated for the Mechanical Strain Recorder
System. Initial costs for Transport/Bomber aircraft
include modification and qualification of the DTU so that data can
be processed at a lower threshold stress. Also, development may
be necessary to provide more tape on the cassettes or higher
cassette tape feed rates.

3:ls2+2:8 Accuracy and Reliability

The Leigh mechanical strain
recorders scribe on a hard metal tape with a diamond stylus
(Figure 8). As strain changes occur, the tape is advanced so that
separation of successive peaks is obtained. Approximately thirty
inches of this metal tape are stored on the recording cassette.
The scribe marks left on the tape by the stylus are approximately
.0003 inch wide, thus permitting a reading accuracy of approximately
.0001 inch. This translates into an accuracy of approximately
130 psi as follows:

.0001 inch x E(10.6 x 10° psi) = 132.5 psi

8 inch gage length

As a conservative approximation
of manually transcribed system error, parametric crack growth
calculations were made to compute the analytical response in
crack extension caused by introducing a + 132.5 psi variation in
the C-141A fracture spectrum. A+132.5 psi variation input to the
C-141 mission profiles (SLA II) stress spectra means that the
stress range from maximum stress to minimum stress was increased
by 265 psi. A minus 132.5 psi variation means that the stress
range was decreased by 265 psi. The significance of these
variations is shown in Figure 9 for a typical wing upper surface
location ("A") and a typical wing lower surface location ("B")
on the C-141A. The changes demonstrated in crack growth rate are
probably acceptable for 100 to 150 psi deviation. It is likely

that the DTU would be set up to minimize this variation. Also in

45



Transport/Bomber TAT Cost Elements For

TABLE 7

Mechanical Strain Recorders (MSR) .

ELEMENTS

INITIAL DESIGN AND DEVELOPMENT OF

DATA ACQUISITION DEVICE AND
SUPPORTING EQUIPMENT

DESIGN OF HARDWARE SYSTEM FOR
SPECIFIC AIRPLANE

QUALIFICATION TESTING

DESIGN OF SOFTWARE SYSTEM FOR
SPECIFIC AIRPLANE

T.0. FOR IMPLEMENTATION

FAB. AND INSTALLATION OF DATA

ACQUISITION DEVICE AND SUPPORTING

EQUIPMENT (SENSORS)

REPLACEMENT OF DATA ACQUISITION
ELEMENTS; TRANSMITTAL TO ASIMIS

SPECIAL READING OF DATA
ACQUISITION DEVICE

DATA TRANSCRIPTION TO MAGNETIC
TAPE

COMPUTER ANALYSES
OF DATA

GAP FILLING

SUPPLEMENTARY DATA ACQUISITION;
TRANSMITTAL TO ASIMIS

ADDITIONAL COMPUTER ANALYSES OF
SUPPLEMENTARY DATA

MANUAL CHECKING, ANALYSES,
DEBUGGING OF COMPUTER OUTPUT

REPORTS OUTPUT

ON-BOARD SYSTEMS MAINTENANCE

TEST EQUIPMENT FOR ON-BOARD
SYSTEMS MAINTENANCE

MECHANICAL STRAIN
RECORDER

COMMENTS FOR MSR SYSTEM

46

REWORK EXISTING MSR AND DATA
TRANSCRIBER UNIT FOR TRANSPORT/
BOMBER AIRCRAFT .

INSTALLATION DETAILS ONLY

COMPUTER PROGRAM

CASSETTES

DATA TRANSCRIBER UNIT

STRAIN TRACE ONLY

COMPUTERIZED

REPLACE MSR IF MALFUNCTIONING
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Figure 8. Typical Recording Trace.
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Figure 9, a given error of "so many psi" is seen to result in
greater analysis differences for the wing upper surface where

the total 'area under the curve' of tensile Ac's and cycles is
generally considerably less than a lower surface point. This can
be visualized by observing that most of the flight profile for

an upper surface point is in a compression Ac mode. Thus, the
higher the operational tensile stresses, the more accurate the
MSR system. In addition to the reading accuracy described above,
the tape advancement and mechanical characteristics of the MSR
must be considered.

Advancement of the metal cassette tape is
achieved by the ratcheting action of a pair of single turn spring
clutches, one effective in tension and the other in compression.
Mechanical take-up in the clutch mechanisms results in a threshold
below which there is no advancement of the tape (Figure 8). This
threshold is approximately 560 microinches for the MSR-2 and 900
microinches for the MSR-3. A beneficial result of these thresholds
is that the large number of small amplitude cycles (insignificant
from a structural viewpoint) which occur do not advance the tape
and are not recorded. A study was made of the stress spectrum
used for crack growth analysis for a C-141A wing lower surface
point for a typical logistics mission (Table 8). The tape
advancement for each spectrum condition was calculated for both
of the threshold levels mentioned above. Use of the 560 microinch
threshold resulted in all significant cycles being recorded, and
use of the 900 microinch threshold resulted in the loss of 3.7
very insignificant cycles out of approximately 285 cycles in the
mission. Thus, the threshold levels of both the MSR-2 and
MSR-3 are adequate to represent those loads expected to occur
on the C-141. For typical usage, it was calculated that 425
and 650 flight hours of mission one usage could be stored on a
cassette, corresponding to 4-6 months usage.
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Leigh Instruments Limited has also
developed a Data Transcriber Unit (DTU) which accepts the analog
trace data from the metal tape and reformats the data into a
computer compatible digital format on magnetic tape. If an MSR
is to be used as an IAT device, some sort of automatic reader is
necessary in order to handle the large amount of recorded strain
data that will be generated. However, the current DTU automatic
reader has a reading threshold of approximately 2300 psi, which
makes this reader inadequate for reducing the expected C-141 loads.
Development of an automatic reader with a much lower threshold will
be necessary if MSR's are to be used for bomber/transport type

aircraft.

The reliability in service usage has been
adequately demonstrated for the MSR-2, and adequate data for the
MSR-3 should be available soon. If any significant changes are
made to the above mentioned recorders to adapt them for bomber/
transport use, in-service reliability must again be demonstrated.
Otherwise, a short flight test demonstration period should
demonstrate the reliability of the recorders for bomber/transport

usage.
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Jidsdsd Microprocessor Based Systems

Microprocessor electronics are
undergoing significant development and are expected to be
considered viable candidates for use in IAT programs in the
future. System reliability and cost will continue to require
careful development.

It appears very likely that IAT
programs of the future will utilize on-board microprocessors
to some extent. The design of the Force Management system
and the microprocessor as a part of it can be tailored to
provide the specific output required for support of Force

Management decisions.

The qualitative evaluation which
follows explores the potential uses and goals for the
microprocessor for Transport/Bomber IAT programs. A basic
assumption is that the required data can be processed as
needed by the microprocessor including permanent storage and
retrieval of the data. (NOTE: Whether the on-board processing
capability of the microprocessor should be utilized to its
maximum potential is a matter that needs further study. The
paragraphs which follow assume on-board processing. An
alternate, using the microprocessor for data acquisition and
systems checking (only), is discussed in Section 3.1.2.3.9.)

A microprocessor-based system is
conceptually described in Figure 10. The system includes
on-board and ground processing of the data obtained from
on-board sensors and manual (ground) inputs. It is assumed
that both strain data and flight parameters are obtained.

The discussion which follows is based

on a number of assumptions, primary of which are:

l. It is desired that the microprocessor
be as independent of any manual input as is possible. This is

to minimize errors and omissions.
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2. The aircraft is equipped with a
flight computer and it is permissible to tie in to it to obtain
inputs for the microprocessor. This ensures good primary

input data at minimum installation cost.

3. The microprocessor system can be
programmed to perform on-board calculations of crack growth
data at desired locations based on aircraft flight parameters
(V-G-H, events, etc) or based on mission logic determined from
these data and on pre-defined crack growth data for the
resulting mission definitions and variations. Alternatively,
on-board crack growth calculations can be based on inputs and
correlation from strain gages mounted at the desired locations
or at nearby locations. It is predicted that the microprocessor
is designed to output all three sets of data, for these reasons:

A) If a strain channel goes bad, the
data will still be available from the V-G-H base, and vice

versa;

B) Comparing the output of the
strain-based and V-G-H based crack growth calculations will
aid in evaluating both sets of data; and

C) Comparison of these data with the
output from the mission logic system can provide significant
information on the validity of the "average" mission logic
based program to calculate the crack growth at individual
locations with the specific individual aircraft experience.
Since this system can be used for overall force data input
for durability and damage tolerance analyses, the variation
due to individual aircraft usage can benefit all further

evaluations.

4. It is desired that the potential
of the microprocessor be used to a significant extent in
performing the individual aircraft tracking function, i.e.,
on-board processing of the data is desired to the extent
practical.
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5. Quality installations and high

reliability of strain gages are assumed.

6. Some ground processing of data will
still be required. As a minimum, the individual aircraft
tracking program data would be reported by base, by mission,
and by Force. The Force Management requirement of the Aircraft
Structural Integrity Program (ASIP) Manager indicate that these
data are needed. Inspection, maintenance, and operations<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>